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Conventional bacteriological assays for folic acid are non-specific in
the sense that they reflect growth to a variety of compounds - eight or more
in the case of 3, fecalis. We have adapted recent advances in "DEAE" column
chromatography tc our needs and have performed assays on mixed diets as weil
as individual foods after preliminary chromatographic isolation of active
components. It has been found that almost 90% of the total “activity" is
present in forms other than pterovlglutamic acid, After conjugase treatment
ordinary American diets were found to contain the following daily amounts of
components with folic-acid-like activity:

Component I (unidentified) - 102 ug
Citrovorum factor (CF) - 63 pg
Pteroylglutamic acid (PGA} - 20 ug

Lvidency is cited which sugzests that certain compounds which possess
folic-like artivity for micro-organisms may be inactive in human rutrition,

Preliminary evidence indicates that certain vegetables (such as spinach,
broccoli. asparagus, lettuceand endive) are poor sources of PGA, although
rich in one or both of the other two components. The obvious irplication is
that if humans have a nutritional requirement for PGA as such, then the
vegetables on this list should not constitute the only distary source of this
vitamin,

NOTE: Copies of this report are filed with the Armed Services Technical
Information Agenry, Arlington Hall Station, Arlington 12, Virginia, and
may be obtaine from that agency by qualified investigators working under
Government cortract,
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IX0RCIONCTION

It has not beea widely cemphasized that folic acid activity, as
ceteroined by conventional Lzcteriological assay procedures, reflects
thke presence of a nuxzber of compounds other than pteroylglutamic
acid (PGA). For exapple, onc popular test organism, Streptococcus
fecalis, will show a grouth response iz folic acid free medium to
at idast ten derivatives of PCA in addition to chymine, hypoxanthine,
theobronine, guanidine, uric acid and several other related con-
rounds (1). Another organism, L. casci, shows growth with a somexhat
wider range ~{ JGA derivatives including triglutamate forms which do
not support growth of S. fecalis (2). Under these circumstances, the
practice of expressing the growth supporting ability of crude dietary
nmatcrials in terms of a single reference standard may not gZive a true
indication of the PGA content of foods, because fgod may contain a
mixturc of compounds with folic acid-like activity (3). Nevertheless,
nost dietary tables on the folic acid content of foods are based on

such assays.

The discrepancy hetween the amount of folic acid activity'in diets

"and the amount of pure PGA required for the treatment of tropical sprue

has led to the suggestion that humans may have a specific requirement

for PGA (3). It therefore seemed important to assess the quantity of
PGA available as pure PGA in foods and to investigate the amount of
folie acid~like activity which is present in forms othes .han pure
PGA, A methoc has been employed in which factors with folic‘acid-
like activity are chcmicaliy isglatcd from foods or mixed diets and

individually assayed with S. fccalis,
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»ETHIONS

The procedure of lie Association of Official Agricultural

Chemists (4) with minor modifications was uscd for assay of
folic acid as foilows:
The nmaterials and reagents used were:
Assay Mediun: The assay nedium used was bacto 318-dehydr5tcd.
- To rehydrate this basal medium, 75 g were suspended in 1000 ml of
distilled water, then heated to boiling for 3 minutes and allowed
t0 conl to room temperaturec.

Test Orzz- ism: Stock cultures of Streptococcus fecalis

(ATCC 8043) were prepared by stab inoculation of bacto-micro assay
culiure agar, Following incubation at 37° C for 18-24 hours, the
cultures were stored in a refrigerator a« 4°* C. An assay inoculum
was prepared by subculturing from the stock culture into a tube
containing 10 ml of the bacto-micro incculum broth. This inoculum
was incubated at 37° C for 24 hours, then centrifuged under aseptic
conditions and the supernatant liquid decanted and discarded. The
cells of the inoculum were resuspended in 10 ml of freshly sterilized
0.9% saline solution, This procedure of washing and centrifuging was
repeated three times. The washed cells were then suspended in 10 ml
of stcrile saline solution and one drop of this suspension was used
to inoculate the assay culture tubes.

Phosphate Buffer: Prepavred as described by Flynn (.,.

Standard -olic Acid Solution: Prepared as described bLv Flynn (4).

Chicken Pancrcas (Conjugase) Preparation: Approximately 10 g of

fresh chicken pancreas were homogenized in a Waring blender with

approximately 35 ml of phosphate buffer at pH 7,2. The homogcnate
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vas then diluted to 50 mi with distilled water, This solution was
distributed equally into ten test tuhes and stored in the frcezer
at -20° C. This r-"kod is sinmilar to the preparation procedure
described by Mims and Laskowski {5). Before use, 1 ml of thig
solution was diluted to 10 ml with distilled water.

“Free” Folic Acid Activity: Crudc diets were homogenized 1: 3

onc-gallon blender., Water was added to facilitate homogenization.
Final total diet weights were rccorded to permit calculation of
results and aliquots of anproximately 250 g were stored in the
froezer at -20° C until.ready for usec.

NDuplicace assays for "free" folic acid activity were carried
out as follows:

A S g portion of the homogenate was placed in a small blender
ﬁnd homogenized for an additional 3 minutes with 35 ml of distilled
water and 40 ml of phosphate buffer at pH 7,2, The honogenate was
then transferred to an Erlenmeyer flask, along with 100 ml of
distilled water to rinse the blender, autoclav:i for 1S minutes
at 15 pounds pressure and allowed to cool to room temperature.

Each sample was then diluted to 200 ml with distilled water and
Tiltered through a Seitz filter pad, Aliquots of the filtrate were
taken in duplicate, diluted if necessary to 5 ml with distilled
water, added to 5 ml of assay media, autoclaved at 7 pourds for

i> minutes, rzuiva, and inoculated with one dixup of tne S, fecalis
suspension. After incubation for 18 hours at 37° C, turbidity was
determined in 8 spectrophotometer tColeman, Junior) at 650 mu, and

compared with a standard PGA growth curve determined simultancously.
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“Total" Folic Acid Activity: Dict samples were prepared as

described above for "free" folic acid activity, except that after
the initial auto. "-ving, they were cooled to room temperature and
allowed to incubate at 37° C overnight with S sl of the diluted .
chicken conjugase preparation, After incubation the samples

were autoclaved S minutés at 15 pounds pressure to inactivate

the conjugase, The samples were then cooled, diluted to 200 ml
with distilled water and filtered through Scitz filter pads., After
proper dilution of the filtrate & mi aliquots werc assayed with 5
mi o. .he assay media as described in the preceding paragraph.
Blank deter. irations were accomplished by the same procedure on the
conjugase preparation without added dietary material.

Citrovorum Factor Activity (CF): 1In testing for the presence

of citrovorum factor (CF, 5-formyl tetrahydropteroylglutamic acid)

the organism employed was Pediococcus cerevisiae (ATCC 8081) under

conditions similar to those described above except 'that synthetic
CF was used as a reference standard as well as to maintain growth of
the organism,

Charcoal Adsorption: After conjugase digestion and Seitz filtra-

tion the material in the filtrate was extracted at pil 7,0 with 400 mg
of aciu washed charcoal (Norit-A, Pfanstiehl) as in the original
procedure described fo: isolation of the norit eluate £actor (6).

Th2 adsorbed cnmplcs were then centrifuged and the supernatant
decanted into 500 ml Erlenmeyer flasks, Duplicate aliquots of thcv
supernatant were taken and the amount of folic acid-like substances
not adsorbed on the charcoal were determined by the procedure for

"total" folic acid activity. The charcoal was then washed with 60%
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cthanol. Three fractional clutions of the folic acid-like
substarces from the charcoel uérc then carried out using 15 ml
of ammoriucal 70% ethanol for each elution. The three eluates
were then combined and lyophilized, It was found that up to six
extractions of the Seitz filtratc with charcoal yielded a slightly
greater quantity of active material, but did not alter the pattern
of cowponents on subscquent fractionation.

“DEAE" Preparation and Chromatogranhy: The techniques of

“DEAE" (dicthylaminocthyl cecllulose anion exchanga) preparation
and for colurs unromatography were bascd on those of Toennies and
Phillips (7) and of Oliverio (8). A suspcnsion containing 100 g
of DEAE and 1 L each of 0,5 ¥ sodium chloride and 0.5 M sodium
hydrcxide was prepared. This suspension vas filtered with suction
through filter paper on a sintered glass funnel. The cake was
transferred to a beaker, rcsuspended in 1 L distilled water and
refiltered as above, This process was repcated until tﬁe wash water
reached a pil of 7,0, During the washing procedure the residurl
suspension of fine particles was decanted and discarded toward the
end of each filtration step. Following the water wash, the material
was suspended in 1500 ml of 95% cthanol, filtered, and washed
finally with 1500 ml of absolute ethanol. The DEAE was then spread
out loosely on a glass dish and allowed to dry overnight at room
temperature.

Columns wore prepared by pouring a distilled water slurry of -

DEAE into 1 x 30 ml chromatographic columns equipped with a sintered glass
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support at thc base, The colunin was pached with air pressure

and refilied until a ;ackcd coluim 1 x 25 cm was achieved, leaving
about 2 ml of disi *led water above the column., Columns may be
prepared, stoppered, and stored in a refrigerator or used at

once.

The lyophilized cluéte sample was placed directly on the

top of the column in an amouni ranging from 75 to 150 myg,
dissolved in approximately 5 ml of phesihate buffer at pH 7.2.
. The appropriate quantity of rhe éiuals wus calculated on the

basis ot "total” folic acid-like activity present in the bacterio-
logical assays of the norite-cluates after lyophilization, The
raterial was forced slowly through the prepared column with the
aid of air pressure, using care to avoid passage of air into

the DEAE. The column was washed similarly with at least 60 ml

of triple distilled water,

Elution of the material from the column was accomplished by

a concentration gradient system at ph 7.2 contining ascosbic acid
as an anti-oxidant, The elution solutions were preparcd immediately
before use. The upper flask contained 29.25 g sodium cﬂloridc,

«.112 g ascorbic acid, 5.72 ml of 4,06 N potassium hydroxide,

brought to a volume of 500 ml with 0.5 M phosphate buffer, The
lower, or mixing flask, containcd 4.}12 g of ascorbic aci:d and
9,72 ml of 4,50 ¥ putassium hydroxide brought to a .utal volume
of 500 ml with 0.5 M phosphate buffer.

Fractions of 3 ml e&h were collected utilizing a volumetric
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fraction collector. Tubes were shiciéed fxoz light during and
after coiicelion. A étavi:y fiou rate of approxinately 0.1 =l
per minutc was uscd. One 1 of each fraction vas tested for avility

to support grewtk of S. fecclis or P. cerevisiae as outlined above.

The arount of PGA cr CF activity nresent in cach fraction vas
ca'lcula ed by comparison with a standard srovth curve prepared con-
coritartlv using nure PGA or CF respectively. Chromatographic
curves were drawn by nlotting percent transm.ssion (turbidity)

¢ the ordinate and tube nusvers on the abscissa of arithmetical

granh paper.

RESULTS

The "free” and "total” folic acid activity values for 17
separate, usual American dicts arc showsn in Table I. These values
compare favorably with those reported for six separate and ordinary
Puerto Rican diets which were found to contain a daily average of
65 pg of "free" and 140 pg of “total folic acid activity (9}.
No growth supporting activity was found in the vontrol determinations
on the vonjugase preparation so that no correction factor was
necessary. Representative menus of th: American diets are indicated
‘n the captions of and 2,

Figurc 1 illustrates the growth supporting activity of DEAE
fractions derived from & diet with and without conjugase treatment.
iv is seen th=: wust of the growth supporting cctiviiy is in the first

two peaks and that the activity is increased in each of these after
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conjugasc digestion. [1 is 3lso scem that conjupasc digestien is

assoCiated with the developzent of a tairg peak of growth supporting
activity. A similar chrozatozraphic pattera consisting of three
peaks was observed regularly in 4 diets after conjugase treatment.
This supnested that the third peal night be PGA liberated fron
the naturally occurring polyglutaczte forms. Investigation of
this possibility by filter paper chromatopraphy asnd plate bio-assay
as described by XNickel, et al,, (10), indicated that the material
in tae third peak has the same Re valuc®as roference PGA.
Addi*ional ev:w.c.ace that the thire }cak is PGA was the demonstratiun
of a sinnle neak between tubes 40 and 50 when a reference solution
of PGA was passed through the DEAE column. These was 95% recovery
of the reference material in this peak.

Figure 2 represents a series of experiments which were per-
formed to dctermine the relationship of thc third pcak to PGA.
The upper curves in each pair represent 0.12 ug of folic acid
activity determined by prior assay. The lower curves in each pair
represent the same amount of i~lic acid acti;itv rlus additional
synthetic PGA added to each diet sarple in amounts of 0.025, 0.030,
and 0.025 ug respectively. Reccoverics ranged from 83% to 101% with
an average of 95%. Although the position of the peaks varieé somece
what according to flow rates, their rclativc‘pattern remained the
same and the added PGA produccd augmentation of only the °ird peak,

The distrinution of fclic acid-like activity among the threc

peaks has been calculated on a percentage basis for ten diet
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szrrlies as showa in Table 11, Asplyving these ratios to a mean
¢éaily irntcke of 184 up of folic scicé activity it is found that the
tiarce reaks yieid 101, 63, and 20 vz, respectively of folic acid
activity for 8. fccalis in terms of a4 CA standard. Assavs of
Jfolic acic zctivity in the tes scparaste diet sacgles before and
after passage through DLAL columrs irndicated a rccovery of 95%
(r = 1u, range = 72 - 149%, mean = 93, standard deviation =
x5%).

The dict yielding the lowest toral ¢f folic acid activity, i.e.,
80 .. rnsisted of: -

irecaxfacer- Toast and coffee

Lunch: Bologna sandtich on whitc bread with lettuce and
mayonnaisc, 1/2 pint skimmed milk, 1 fresh pear, 5 vanilla wafers,

Supner: Two baked pork chops, mashed sweet potatoes, marsh-
rnallovs, crcamed field peas, 1 slice whole wheat bread, 1/2 pint
homogenized milk.

This diet would provide 4 ug of folic acic :ctivity daily as
available PGA on the basis of cvidence that the third peak is T'GA,
amcunting in this instance to 5% of the tota%.

Figure 3 illustrates in the shaded area the pattern of growth

uprort for s.fccalis of fractions collected from a DEAL column run
of 0.030 ug of reference citrovorum factor (CF, calcium leukovorin,

kindly provided bv Dr. T. li, Jukes, lederle Latcratu.ies, Princeton,

New Jersey). Sunport of bacterial growth was observed in only one
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narrow zoae, i.c., between tubes 20 te 25, The first small peak is due
to a clear vellor pignent and does not rcpresent turbidity. The upper,
curve in this figure is the pattern of growth supnort for S. fecalis
of fractions prepared from : diet contairing 0.027 pg of added
reference CF.  The pattern of the plain :iet is shown in Figure 2,

.
curve 2A, It is secn that only the second peak is augmented.

Further evidencc thet the sccond neat is CF is presented in
Figurc 4 in which it may be scen that tic saue fractions forming the
second peak from diets tested with S, fecalis also suppert growth
of I, ' ~rivisiae, This dict consisted of one pork chop, French fried
potatoes, turnip greens, tomato and lettuce salad, mayonnaise, canned
peaches, corn bread, butter, homogenized milk, Calculations from
these data indic;tc that the dicts assayed ir this study yicld a

daily average of 63 ug of folic acid activity in the form of CF.,

DISCUSSION

The need for some form of folic acid in human nutrition has
been amply demonstrated by many investigators since 1945, lut the
minimum daily requirement has not yet been ;ccurately established,
Oral doses of 5 to 15 mg'daily have becn reeommended in the treate
ment of certain so-called rolic acid deficiency discases (11).
Hiowever, a reanpraisal of man's daily folic acid requirement
became nccessary recently when §hcehy, et al, (1.) demz.-vrated
the effectiven~ss of small oral doses of folic acid in the
treatment of tropical sprue. There is evidence that these patients

develop and maintain megaloblastic anemia even while consuming a

dict which contains &n average of 140 pug of folic acid activity
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¢aily according to bacteriological asscy (9). Yetr the addition
of 25 wg of purc synthetic PGA to the daily oral -intake of thesc.
patients resulted in the correction of the clinical manifestations
of the disease. .. is paradoxical that such paticnts should
respond to a dose of folic aciﬁ vhich is smaller than the amount
actually present in the diet, This obscrvation scrves to cnphasize
at lcast onc of the limitations of the »actusiological method for .ssay
of crude diets. This observation has aiso led to the suggestion
that man may have a specific requirerent for PGA and way be unable
to utilize certain PCGA dc'ivativé; under certain circunmstances (3).

It seems unlikely that the beneficial result of the oral
administration of 25 ug of folic acid was mcrcly.an additive effect,

- Several subscquent observaticns have indicated that the daily
requirement for PGA may be less than the total folic-like activity in
crude diets as judged by bacteriological assay. Zalusky and llerbert
(13) demonstrated = beneficial response in the megaloblastic anemia
of scurvy when 50 pg of PGA were added to a diet devoid of folic acid.
Evidence has also been presented through studies of experimental folic
acid deficiency in humans (14, 15), that the minimum daily PGA
requirement is in the neighborhood of 50 ug:

Velez, et al, (16) have recently reported the cftcctivénosg of
5 ug oral doses of PGA in the treatment of the megaloblastic anemia of
infancy associatcd with kwashiorkor, This corresponds t~ a dose of
approximately : ag pex kg of body weight, and was given along with

a diet which was estirated to contain less than 10 ug of folic acid
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activity ner day. Hansen and acinfeld (17) have reported that
2 uz per kg of PGA will give a diagnostic r;ticulocyte response
within 10 to 12 davs in all cascs of mcgaloblastic anemia in wnich
folic acid deficiency is the cnly limiting factor.

The present study dermonstrites that ordinary American diets
contain an average of 52 ug of "{ree" folic‘acid—likc activity
per day and an average of 185 ug cf "to:al” Jolic acid-like activity
‘per day after conjugase digestion., Chrematographic fractionation
has shiown that the bacteriologically active wnaterial prescnt before
digestio~ ("[rec™) is in the fo;m of two factors, neither of wvhich
is PGA, Sarilar fractionation after digestion with chicken pancreas
conjugase vields a third component which in two chromatographic
systems corresponds to a synthetic reference standard of PGA (Figure
1), This fraction constituted 11% of the total, On this basis it
caa be calculated that ordinary hospital diets provide an average
of 20 ugz of PGA per day (range 4 to 69 ug). Our obscrvations suggest
thai persons may consume dicts of the type used i%'this study for
rrolonged periods of time without developing overt signs of PGA
deficiency, Some diets yieldcd as little as 4 ug of PGA daiiy, but
it scens  reasonable to assume that occasional cousumption of liver or
other frods would yield greater quantities of the vitamin and thereby
prevent depletion of body stores.

The evidence indicates that the second chrmmategraphic peak is

CF and that it cunstitutes 34% of the total folic acid-like activity

present in these diets, Chang has reported the presence of CF in a
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varicty of animal livers as well 2s in kalc and spinach (18).

dakerzan (19) and Silverman, ct ai. (2p), hive shown that tetra-

.,hydroptcroylglut:“‘c acid has groxth supporting activity for .

P, cerevisiae if protected Ly ascorbate, and if added aseptically

to the culturc mcdium. In the present study the carly autoclaving
step would tend to eliminate this factor. The fact that the sewond
peak behaves chromatographically like reference CF is a furthey
indication that this coifoncnt is indecd GF and not another factor
which developed GF activity after. eluticn from the column. In terms
of i, growth supporting ability for S, fecalis CF represents an
avorage of :i ug daily and is present in greater amounts than PGA.

It is w;II known that PGA is converted to CF in mammalian liver
and that this conversion is blocked by certain folic acid antigonists
(21}, However, it is not known if PGA alone, or if CF alone will
adequately replace other folic acid-active forms in human nutrition.
Woodruff, et al., have reported that a 75 ug dnilx oral dose of CF
is offective in treati#g the mogaloblastic ancmia of infanc& (22).

It has been reported that CF is effective in the treatmont of tropical
spruc (23, 24, 25), but there is disagreement as to its effectiveness
in comparison with PGA. Since the lattor studies were duro using

doses of CF which seems large by present day standards, and since the

material adm{nistered tould have contained microgram quantities.of

FOA, it wili Y¢ necossary to make further obsorvaticns on the comparative

eoffactiveness of CF and PGA in human nutrition,

* The nature of the first chromatographic peak is uct known, It

P

X
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could be one or core of the scveral compounds which are known to support
growth of 5, fecalis under the expericeatal conditions of this study,
Further studies v+ in progress conceraing the nature of this c‘oaponf.m't.

it should be mentioned that the chicken pancreas cnzymes used .in
the present study may not be-comparable to human intestinal or pan-
crcatic cnzymes. However, this has boon 3 conveniert apd widely used
source of conjugase. It hes been reported that intestinal juice obtained
from subjects with tropical spruc posscsses conjugase activity (9),
and such suhjects are said to be-capabic oi responding to eonjugated'
form. .{ VGA (26). Ilowever, chrowatographic separation of folic
acid active “«ctors has not yet been carried out on foods after incuba-_
. tion with human intestinal or pancreatic enzymes,

On the basis of it;'action on synthetic and natural substrataes,
Kazenko and Laskowski (27) have presented cvidence yhich indicatos
that the chicken pancreas conjugase should probably be classified as
a gamma-glutamic acid carboxypeptidase. It has heen suggested that
the end product of digbstion with this enzyme is tho'nt;royl-diglutamatc,
probably due to inhibition by the liberated glutamic acid (27). In th;
present study the enzyme yiclded from mixcd'diots a product which
corresponds to PGA in two chromatographic systems, Vhile it is possible
that both the mono- and the di-glutamatfe forms would have similar elution
characteristics, this seems unlikcly. The findings suggest that-
Per is liberared from the polyglutamate form of dics, and thatlgo ug
of PGA ray be derived daily from average diets, The small quantities

of active factors concorned in the present study have precluded chemical
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anzlvsis of the number of glutasic acid residucs. Work is in progress .

concerning the folic-acid-active cormpenents of individuai-foods.
Chromatographic analysis of liver and’ certain érccn vegetables
has indicated two or more components as in the present study with
mixed diets. This cmphasizes the crror inherent in methods which
cxpress growth supﬁorting activity of a food in terms of only one

reference material; a vegetable, for cxample, may contain most of

its activity in a form which is different from PGA, The present study.

suggests that certain dietaxy compounds which have folic-acid~like
activity for w::lo-organisms may'be inactive in the nutrition of

patients with tropical sprue.

SumARY
1. Folic acid assay by conventional methods using S, fecalis
has shown that ordinary American diects ¢ontain 52 ¢ 14 ug
of "free" folic acid. activity per day.’ Assays porformed after
digestion of thosc same diets with chicken pancreas conjugase

yiclded 185 ¢ 67 ug of "total" folic acid activity per aay.

2, Fractionation of the digested material by column chromatography

revealed throe separate components with folic-acid-like activity
for S, fecalis, They repr;sented 55%, 34%, and 11% respectively
of tho total activity. _

3. The first peak has not boen identified, évid?uco js oresented
that the sozznd poak is citrovorum factor and that the third
peak is pteroylglutamic acid,

4, -Calculations indicato that these diets may yie}d under the condi-
tions of this study a daily'avcrage of 63 ug' of citrovutgu factor

and 20 ug of pteroylglutamic acid,

[____._A__,,_Mf‘. .
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It is sugaested that ccrta.in corpounds which posscss folic;liko
activity in bactcriological ussay systems may be inactive in
human autritiun or at least inmactive in t.he nytrition of patioents

with tropical sprue,

i
1
1
l
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TABLE 1

“Folic Acid" Activity in Seventeen Average

rmerican Diets

Lg/ 24 hours

Free

40
73
63
35

58

Mean ¢ S.D, 52 ug t 14

Total

260
200
260
105
190
189
130
138
220

80
108
185
205
2.0
120
36
188

184 ug + 67




TABLE 11
Folic Acid-Like Componentsin Ten Diet

Samples after Elution fvow DEAE

(Percentages) )

Peak 1 Peak I1 Pesk III
49 34 17

38 39 23

5 45 10

60 .40 16

42 46 12

2 40 8

58 28 14

38 ‘ 6 6

50 -.38 12

68 27 S

Mcan ¢+ S,.D, 55 = 1§ 34212 11 = 5§
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FIGURE 1

The pattern of growth support for S. fecalis of fractions
obtained from a dict containing cream of chicken soup, hamburger,
onions and gravy, potatoes, squash, asparagus, tomato-lettuce
salad, coconut pie, bread, and homogenized milk. The upper
curve respresents 5 g of dietary homogenate which was incubated
overnight with chicken pancreas conjugase. The lower curve
represents 20 g of the same diet fractionated without prior
conjugase treatment, Although’'the lower curve represcits .our
times as much Jletary material there is no evidence of a pezk
between tubes 40 and 50 which is the zone of eluticn for

reference PGA.
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"CZ AE" Column Fractionation of Diets
with and Without Added Synthetic PGA

FIGURE 2

The upper chromatogram (A) an each pair represents the pattern
of growth support for S. fecalis of fractions.obtained from three
iuncheons. The lower figure (B) represents the results obtained
using the same diet containing added PGA and processed in the
same fashion, showing accentuation of only the third peak. DMenus
were as follows:

1A (1305 g) Cream of celery soup, beef stcw, broccoli,
scalloped potatoes, tossed grecn salad, cornbread, mocha chifton
pie, homogenized milk;

2A (795 g) Cream of pea soup, ham loaf, potato "boats" with
cheese and mustard, cabbage, tomato and lettuce salad, mayonnaise,
peaches, tea with lcmon and sugar, bread and buter;

3A (104: g) Cream of pea soup, ham loafi, potato with cheese
and mustard, blackeyed peas with snaps, ambrosia salad, butter-
scotch pudding, white bread, coffce,

The first peak in lﬁgappcars blunted due to a temporary
unequal collection of fractions, but the quantity is the same as

in the first peak of 1B.
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FIGURE 3

The upner curve represents the pattern of growth support
for S, fecalis of a diet sample containing 0,030 ug of added
CF (calcium leukovorin), The lower {shaded) curve represents

the pattern of growth support for the same organisim using the

h

are reference material (CF) ‘alone, Comparison of the upper
curve in this figure with the curve of the same aietary material
chromatographed alone (see Fig. 2, curve 2A) indicates that the

addition of CF augmentad only the second peak,
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FIGURE 4

v

The upper curve represcats the pattern of 2rowth support
for S. fecalis of a series of fractions obtained by DEAE
fractionation, The lowes curve (shaded) represents zhe same
dictary fractions tested for ability to support growth of
P, ceorevisiae, indicating that the second chromatographic

component is citrovorum factor (S-formyl, tetrahydro PGA).




ANNUAL PROGRESS REPORT

PART II

The following chromatograms illustrate the fractional analysis of com-
pounds having felic-acid-activity in selected individual foods. On the basis
of these findings it has been possible tc calculate the amount of folic-acid-
iike activity which 1s available in the form of PGA. The results are tabul-
ated below:

Total FA Activity
Ag per Gm of Wet Diet or Foou % Activity in Third !-eak(PGA)

Spinach .067 less than 1%
Spinach .063 less than 1%
Asparagus .16 less than 1%
Endive .043 less than 1%
Broccoli .14 less than 1%
Lettuce .12
Yeast 0.40 16%
Yeast 0.50 20%
White beans 1,50 12%
Red kidney beans 1.55 less than 1%
Black eyed peas 1.60 33%
Beef liver .12 40%
Beef liver .36 30%
Chicken livers (cockeajy 1.0 21%
" " (raw) 1.90 33%
" " (raw) 1.90 25%
" " (cooked) 0.48 (not conjugase treated) 21%

These findings indicate that certain leafy vcgetables which have beer
considered rich in "folic acid" by bacterial assay are poor sources of
pteroylglutamic acid as such, In the light of evidence available at present,
which suggests that certain persons have a requirement for free PGA, these
foods should not be relied upon to provide maintenance amounts of PGA in the
diet,
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